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Abstract 
The biochar from floating fixed-bed gasification processes is not a residue or waste. Because of the characteristics and the degree 
of purity, the biochar should be classified as a resource. The indicated particularities of this biochar represent the base for the 
study. The goal is the representation of recovery and application possibility, of the biochar from floating fixed-bed gasification’s, 
in the agriculture area. To determine the influence of the biochar, different plant growth measurements were performed in the 
laboratory. The measurements were carried out with standard soils and humus rich soils, and thereby vary the percentage of 
biochar in soils. In addition, the biochar were loaded with nutrients to show a possible storage capacity. Further, potential 
pollutants (PAHs) in the biochar were discussed, with normalized and in the literature cited methods. First results show that the 
plant growth increased, by addition of nutrient loaded biochar, by about 60 %. For the PAH analysis, it became apparent that the 
current methods do not provide comparable results. 
In summary, it should be noted that the application of biochar on agriculture areas represents a huge potential. However, the 
analysis of the biochar should be discussed intensively, for the use on agriculture areas. 
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1. Introduction 
For several years, the concern rises regarding the use of biochar in agriculture. The interest in biochar was caused 
by the terra preta, which was discovered in the Amazonia. Terra preta proves to be extremely fertile soil with a high 
content of biochar. Many research institutes and private companies are very committed to produce this soil [1,2,3]. 
This study is part of a project in which the following objectives were defined: 
x Quality comparison of different biochar 
x Developing rapid analysis method for polycyclic aromatic hydrocarbons (PAHs) in biochar 
x Requirement / list of criteria: applications for biochar 
This paper deals with the effects of biochar, in the form of filter dust from the floating fixed-bed gasification 
processes, on plant growth. Furthermore, the focus is on the analysis of biochar, in special to the detection of PAHs. 
The big problem about this is, that there are no standard methods for the quantification of PAHs in biochar and soils. 
From this fact, the problem arises that, at the moment, no validated methodology could be developed for the rapid 
analysis of PAHs. Thus no analysis results are presented in this study; however, the current literature will be 
critically discussed. 
Typically, the production of biochar is effected by a thermochemical conversion. During heating of biomass, 
depending on temperature and oxygen supply, different processes occur (drying, pyrolysis, gasification and 
combustion). The individual processes are essentially categorized due to their operating parameters. This means 
that, for example, at gasification always a pyrolysis and drying process takes place first. 
The European biochar certificate defined biochar very limited in the choice of thermochemical conversion and 
the input materials. According to this certificate, the starting materials for biochar must be listed on the positive list, 
and the production must be carried out with a pyrolysis process [4]. 
In the following the methods for carrying out plant growth tests are mentioned. The plant growth testing was 
performed according to DIN ISO 11269-2 and OECD guidelines. These methods were developed to investigate the 
effects of contaminated soil on the emergence and early growth of higher plants [5] and to evaluate the possible 
effect of substances on the ability to germinate, and the growth of seedlings [6].  
In the case of the analysis of PAHs, the two generally used sources of literature are discussed. These are the DIN 
EN 15527 and the methodology of the EBC certificate. 
The main results of this study are, that the application of nutrient loaded biochar on soil has a very height 
potential. First results show that the plant growth increased, by about 60 %. In addition, it was shown that the 
leaching of nutrients from the soil can be reduced, with the addition of biochar. For the PAH analysis, it became 
apparent that the current methods do not provide comparable results. 
2. Methods 
According to the OECD guideline and DIN ISO 11269 the test substance, in our case the nutrient loaded biochar, 
has to be incorporated into the soil. Consequently, the test pots are first fill and then put in the seeds. If 50 % of the 
seeds germinated, in the control group, the plants are observed for a period of 14-21 days. If the test is completed, 
the plants are visually evaluated and examined. The focus is on the germination and emergence, biomass (height and 
weight) and injury (chlorosis, abnormalities etc.) 
The plants grow in pots and it may be used a sandy/loamy, loamy/sandy or sandy/clay loam with up to 1.5 % 
organic carbon. Field soil has to sieve and components are removed, that are greater than 2 mm. In this study two 
different soils were used. Firstly, Compo loft bed soil (peat-free soil) and a standard soil 2.2 from LUFA Speyer. 
The two soils were not sanitized before. Following parameters have to be noted; type of soil and structure, percent 
organic carbon and pH value. 
As previously mentioned, the biochar was loaded with nutrients. To achieve a nutrient enrichment, we have 
stirred 450 g biochar in a nutrient solution for 24 hours. The used liquid fertilizer is Substral plant nutrition Vita 
Plus. The fertilizer was 1:2 diluted with H2O (in sum 2 L) and then added to the biochar. Afterwards the biochar was 
filtered and dried, at 60 °C in a drying oven. 
The irrigation of the test pots is automatic and has been realized with a wick. The test pots were placed on a grid 
to avoid direct contact with the water storage vessels. glasses with a volume of 500 ml were used as storage vessels. 
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Each test pot should contain the same number of seeds. The number of seeds depends on the plant species and the 
test pot. In our case were 10 seeds for each test pot applied. In this test series rapeseed (Brassica napus) was used. 
The temperature in the plant growth chamber was set at 23 °C and a humidity of 80 %. The plants are lighted for 16 
hours, followed by a dark period of 8 h. 
In Table 1, the description of the different test pots is shown. H stands for humus-rich soil, ST for standard soil 
and C for the amount of biochar in %. Each test was carried out 4 times and shown in the results as mean values.  
In addition, due to the different amounts of applied biochar, the nutrients must be compensated in the other test 
pots. To achieve this, the respective amounts of fertilizer were added into the water storage vessels (Table 1). 
Samples were taken at the beginning and end of the experiment of each test pot. With these samples a water 
elution was carried out and the water-soluble nutrients were measured by wet chemical methods. 
Figure 1 shows the experimental setup, and the sample description. It is striking that there is no growth in the test 
pots of STC8. For this reason, these test pots were not evaluated. 
To compare the different methods of measurement of PAHs, two often-cited sources will be considered and 
discussed. Firstly, many sources describe the method of DIN EN 15527, 2008 and on the other hand, the method of 
the EBC certificate, 2015 [5]. At this point, the essential differences between these two measurement methods are 
described. The detailed description can be found in the respective literature references. 
In both cases, the soxhlet extraction is carried out. In the case of DIN EN 15527, the permissible reagents are a 
mixture of volume fractions in the ratio 1:1 of acetone and petroleum ether or acetone and n-hexane or acetone and 
isohexane or acetone and cyclohexane. The sample must be extracted with a minimum of 100 extraction cycles. In 
contrast, the EBC certificate extracted with toluene. The extraction cycles or a time is not clearly defined. 
 
Table 1: pot description and amount of fertilizer addition in the water storage vessels 
Pot description 
H HC4 HC6 HC8 ST STC4 STC6 STC8 
Addition of fertilizer in ml 
14.7 7.6 3.8 0 24.9 10.4 5.1 0 
 
 
 
Fig. 1. Experimental setup and description of the test pots 
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Fig. 2. left hand side: amount of biomass after experiment, right hand side: leaching of nitrate before and after experiment 
3. Results and discussion 
In figure 2, left side, the biomass growth is shown after the end of experiment of the different test pots. Figure 2, 
right side, shows the leaching of nitrate of the different test pots. It can be seen, a significant increase in biomass in 
the test pots with humus-rich soil and biochar addition. The test pots with standard soil/biochar mixtures have no 
biomass increase, compared to the control soil ST. The highest growth results from an addition of 8 % biochar 
compared to the control soil H. The growth rate is in this case at about 87 %. Average biomass could be increased 
by about 60 % in humus rich soil/biochar mixtures. The reasons for this could be an improved nutrient release by 
adding of nutrient loaded biochar. Possible reasons for the low biomass growth in the standard soil/biochar mixture 
could be the non-existent microorganisms, which are located in humus rich soils. In addition, it was shown that the 
incorporation of biochar has a significant impact on the leachability of nutrients from the soil matrix. Here it turned 
out that in the test pots with 8 % biochar, the least amount of nitrates can be leached. This can infer the high 
absorption effect of biochar. It is worth mentioning here that the nutrients are available to plants, which can be 
recognized on the increased biomass growth. 
This section discusses the issue of PAH measurement briefly. Daniele Fabbri et al. [7] describes the problem in 
the following way. It is important that a developed, exclusively for biochar analysis, like the EBC certificate, 
method is valid equally for biochar soil matrix. In this context, the use of cyclohexane/acetone mixture, as an 
extraction solvent for the determination of PAHs in soil, is common. Considering the fact, a relatively polar solvent 
such as acetone has proven to be advantageous for the extraction of hydrophobic PAHs from soil, and has been 
widely cited [8]. 
Further describes [9] that the bioavailability of PAHs in soil is substantially less than the total PAH determined 
by toluene extraction. In this case measurements have shown that the bioavailability of PAHs ranging from 
0.000001 % to 0.01 % of the total PAHs. Thus, it is doubtful that at biochar another solvent has to be used for the 
extraction, as in the analysis of soils.  
4. Conclusions 
In this study the effects of the incorporation of biochar, from a floating fixed-bed gasification processes, into two 
different soils could be shown. It turned out that a mixture of humus rich soil and biochar has very positive effects 
on growth and the leachability of nutrients. From this, very effective soil conditioner might be developed that reduce 
the use of primary fertilizers. 
Furthermore, the problem of PAH measurements could be demonstrated. The present situation describes different 
measurement methods for soils and biochar. However, the use purpose of this biochar should be in the application in 
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the soil. Thus, it only makes sense that the same measurement methods are valid for soil and soil conditioners like 
biochar. 
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